SUMMARY The frequency and clinical significance of platelet/fibrin microemboli in the microcirculation were investigated in 24 patients whose deaths (before and during hospital admission) were associated with acute myocardial infarction. An acute coronary thrombus was present in all the hearts. In nine hearts an acute thrombus was found in more than one major epicardial coronary artery. A total of 35 acute thrombi were found in the 24 hearts. Platelet/fibrin microemboli were found in 19 (79%) hearts. Eighteen patients died in hospital. The hearts of 16 of these cases showed microemboli; 16 had important arrhythmias or various forms of heart block; 13 showed acute pathological changes in the conduction system. Fourteen of the deaths in hospital were primarily the result of cardiogenic shock and four were primarily caused by arrhythmia. Six of the deaths that occurred before admission to hospital were regarded as being arrhythmic in origin. Three of these showed microemboli and the other three had acute pathological changes in the conduction system. Microemboli were found in two (24%) of 12 control hearts.
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Coronary thrombosis was found in most deaths caused by acute myocardial infarction and platelet/fibrin microemboli were present in the majority of such hearts. These may arise from the coronary thrombus in the larger upstream vessel supplying the microcirculation.
Myocardial infarction is caused by or is closely associated with acute coronary thrombosis. Recent studies show that the frequency of occlusion in acute myocardial infarction decreases during the first 24 hours of a transmural infarction.1 These data suggest that lysis of thrombi and even of occlusions may occur in the course of acute infarction and may convert an occlusion into a non-occlusive thrombus. The exposed surface of a non-occlusive thrombus is often covered with friable, loosely attached platelet/fibrin aggregates.2 Some of these fragments undoubtedly pass distally to the microcirculation.3 4 The clinical significance of these microemboli has not been fully determined, but they have been reported in association with lethal rhythm disturbances, particularly ventricular arrhythmias, Requests for reprints to Dr Richard J Frink, Heart Research Foundation of Sacramento, 3900 J Street, Sacramento, California 95819, USA.
Accepted for publication 13 August 1987 myocardial infarction, and sudden cardiac death.5 -7 This report will show that many patients who die of acute myocardial infarction not only have acute coronary thrombosis, but also have platelet/fibrin microemboli in the microcirculation, commonly distal to an acute coronary thrombus. In addition, most of these patients have important arrhythmias, and they often have acute pathological changes in the conduction system.
Patients and methods
The hearts of 24 patients (17 men and seven women, aged 32-93 (mean 59)) who died of a microscopically confirmed acute myocardial infarction were subjected to a detailed pathological study of the coronary arteries, conduction system, and myocardium. After fixation in formalin, the entire length of all major epicardial coronary arteries was dissected from the heart and decalcified. X rays were taken of the dissected coronary arteries before and after decalcification. Figure 1 shows a typical barium filled coronary artery. Arteries were then cut every 2-3 mm, embedded in paraffin and sectioned at 6 gm. These coronary artery sections were stained with haematoxylin eosin and also with Martius scarlet blue stain to detect fresh fibrin. Ten or more blocks of myocardium were taken from standardised sites and any suspected areas of infarction. Blocks of tissue containing the sinus and atrioventricular nodes, His bundle, and proximal bundle branches were removed and embedded for histological study. All sections of myocardium, atrioventricular node, and sinus node were stained with haematoxylin eosin and Martius scarlet blue. All microscopical sections were thoroughly searched for platelet/fibrin microemboli. The colouring material used in the injection mass identified the myocardial distribution of a given coronary artery. Thus fragments found in the distribution of a given coronary artery were assumed to have originated in or to have passed down through this artery.
An acute coronary thrombus in the main epicardial arteries was defined as an attached, organised mass of fibrin and platelets that stained appropriately with the Martius scarlet blue stain.
Platelet/fibrin microemboli were identified micro- Fig 1 x ray taken of an epicardial right coronary artery after decalcification. Asterisk indicates area close to coronary ostium and arrows show the site offilling defects proximal and distal to the obstruction, which was confirmed to be an acute thrombus.
scopically as organised groups of platelets and fibrin, with clearly identifiable fibrin strands, present in a small myocardial arteriole. Platelet aggregates without fibrin were not counted in this study. Postmortem fibrin was distinguished as a looser, more filamentous structure, with no organisation of the fibrin.
CONTROL PATIENTS
The hearts from 12 men (aged 19-8 1, mean 36) were examined to determine the frequency of microemboli in patients whose deaths were caused by noncardiac disease, accidents, or violence (n = 10) and also those whose deaths were cardiogenic but noncoronary in origin (n = 2; myocarditis, hypertrophic subaortic stenosis). Of the 10 patients dying of noncardiac disease, accidents, or violence, six hearts were injected in a manner identical to that described above and four were processed and examined without the use of injection material. abnormal in 13 (72%) patients. The crux of the heart was supplied by the right coronary artery in 23 hearts. Of 13 patients on anticoagulant treatment, 11 were considered to be fully anticoagulated, and of these, 10 showed microemboli. CONTROL 
STUDIES
Coronary thrombosis was not found in any of the control hearts and there was no evidence of coronary disease in any of them. Two patients showed a single, but well defined, platelet/fibrin microembolus in the myocardial microcirculation. These two patients had been admitted to hospital for three and six days before death, both had severe intracranial haemorrhage, and both hearts were injected with the barium gelatin mass. No microemboli were found in any of the other control patients, whether or not they had been injected with the barium gelatin mass. This indicates that the use of the injection-Mass does
PLATELET/FIBRIN MICROEMBOLI IN THE MICROCIRCULATION
We found platelet/fibrin microemboli in most patients who died of acute myocardial infarction, especially of transmural infarction. We found that the more comprehensive the search for microemboli, the more we found. There are three possible sources of the platelet/fibrin microemboli and these are not necessarily mutually exclusive. First, the formation of microemboli may be an agonal event or may occur soon after death. Platelet aggregation during acute illness has been reported8; for this reason, pure platelet aggregations were not counted in this study. The fragments we considered to have been formed before death were tightly knit, compact, wellformed fragments of fibrin, with or without platelets (fig 2) , unlike the loose, unorganised appearance of postmortem fibrin.
A second possibility is that microemboli may occur as a result of increased platelet reactivity, which is sometimes seen in patients with acute myocardial infarction.9 The condition is, as yet, poorly defined, and there are no pathological studies for comparison. Except in the two cases of intracranial haemorrhage, however, microemboli were only found in association with a thrombus. Thus it is unlikely that they represent a primary event.
The third possibility is that the microemboli may originate from an acute coronary thrombus located in the upstream coronary artery. Most microemboli in this study were distal to a coronary thrombus, which could have served as a source for these fragments. In addition, those patients with ventricular mural thrombi had microemboli in the microcirculation in the distribution of an artery that did not contain a thrombus. Furthermore, in a previous study of coronary thrombosis and sudden death,2 platelet/fibrin microemboli were found in most cases. The thrombi in this and the current study were characterised by their irregular surface and loosely attached fragments. Clearly, the thrombus is in a dynamic state of change undergoing episodic formation and dissolution as a result of the flow of blood, platelet disaggregation, and fibrinolysis.1 4 The relation between microemboli and arrhythmias is not clear. Important arrhythmias or recent onset heart block, assuming that all out-of-hospital deaths were arrhythmic in origin, were present in 92% of patients in this study. Microemboli were found in 79%. Most (61%) arrhythmias were ventricular in origin. Conduction system abnormality was also present in 61 % of cases. The occurrence of arrhythmias, therefore, correlated reasonably well with the presence of microemboli, as well as with some types of conduction system abnormalities. The pathological findings, however, could not be correlated with specific arrhythmias. In several cases microemboli were found in or immediately adjacent to the conduction system. This evidence does not prove that microemboli caused the arrhythmias or heart block, but neither does it rule out that possibility. At the very least microemboli should be considered a possible mechanism for producing transient, severe, reversible ischaemia of focal areas of the myocardium and/or the conduction system. In summary, platelet/fibrin microemboli in the microcirculation are common in patients dying of acute myocardial infarction and they seem to be derived from a proximal thrombus. Arrhythmias and acute pathological changes in the conduction system are also common in these cases; whether or not the arrhythmias are related p platelet/fibrin
